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ments of law have been complied with, and it 
has been determined that a patent on the in- 
vention shall be granted under the law. 

Therefore, this 

United States Patent 

Grants to the person(s) having title to this patent 
the right to exclude others from making, using, 
offering for sale, or selling the invention 
throughout the United States of America or im- 
porting the invention into the United States oj 
America for the term set forth below, subject to 
the payment of maintenance fees as provided 
by law. 

If this application was filed prior to June 8, 
1995, the term of this patent is the longer oj 
seventeen years from the date of grant of this 
patent or twenty years from the earliest effec- 
tive U.S. filing date of the application, subjea 
to any statutory extension. 

If this application was filed on or after June 8, 
1995, the termpfthis patent is twenty years from 
the U.S. filing date, subject to any statutory ex- 
tension. If the application contains a specific 
reference to an earlier filed application or ap- 
plications under 35 U.S.C. 120, 121 or 365(c)., 
the term of the patent is twenty years from tht 
date on which the earliest application was filed 
subject to any statutory extension. 
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[57] ABSTRACT 

There is provided a heat pump system including two (4. 
at least similar units in fluid communication with each otl sr. 
each Unit having a housing (8, 8'), a first air/brine b sit 
exchanger (12, 12*), a second brine/refrigerant h 'lit 
exchanger (24, 24'). a brine inlet (10, Iff) for applying br (I e 
onto at least one of the heat exchangers, a brine reserv tlx 
(14. 14*) and a pump (28) for circulating the brine from be 
reservoir to the inlet The first and second heat exchaog -ys 
are in closed loop fluid communication wim each other i id 
have a compressor (44) for circulating a refrigerant the is- 
through in selected directions. 

28 Claims, 3 Drawing Sheets 
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HEAT FUMP SYSTEM AND METHOD FOR With specific reference now to the figures in detail, it h 

AIR-CONDITIONING stressed that the particulars shown are by way of examr lv 

and for purposes of illustrative discussion of the preferr d 

The present invention relates to heat pump systems and embodiments of the present invention only and are prcsenl 4 

in particular to heat pump systems u tilizing two subcydes. s in the cause of providing what is believed to be the mi $: 

the first involving brine and the second a common refflger- uscM radfl y understood description of the princip] «: 

ant. The invention also relates to a method of air <* d ^Acep* * <* fte myenuon. In ^ regaro\ . .<i 

^„ Al4i ^ n ; . u**t attempt is made to show structural details of the invention lbi 

condiUoiung. utilizing the heat pump systems, mcredctall than Is necessary for a fundamental undcrstan I, 

Space heating and cooling nstoUabou are known. 3ofS3o^^^ 

Esscnhally such installations comprise a dosed top «bg- 10 ^ to those sScd in the ait how the seva .il 

crant circulated by means of a compressor through finned *rjjf* i-™-!*... __ B . ^ . A ..^ 

pipes located inside a house and cottfde tharcot £ winter. forms of * e tov « a,ic " , * *"* 0<ted 1(1 

the compressor forces compressed and warmed refrigerant IN THE DRAWINGS: 

into finned pipe sections within the house where condensa- pjQ. 1 is a schematic illustration of a heat pump systt n 

tion takes place. The liberated heat is usuafly dispensed into ii according to the present invention; 

the house by means of a fan. The condensed refrigerant then pic 2 is a schematic illustration of another embodimf ,> ■ 

passes through n throttle valve to an evaporator. The heat of atveal pump according t0 the present invention, and 

evaporation is provided by me colder : ouiddc idt During FIG. 3 is a modification of the heat pomp of FIG. L 

summer, the sense of circulation of the remrrerant Is . „ _ t ,n ~" T 

reve^ei The outside finned pipes constitute the cSudenscx. 20 Seen » M ? W ^ 2 ff^ j' 

while the inside finned pipes o^ate as the evaporator. ■ <™*V™»B two substantially similar units 4 and 6. ca h 

When such installation m used in areas^tarc the acting in m turn as an evapomor and a condenser, o 

~ii m «*a. ™ha Um,„T~r i - th+ nut.** located inside an enclosure (not seen) to be air condition cl 

climate is not mild, however, lc. where the outside air enclosure exposed to ambient a ( . 

temperature drops to close to the freezing mart: or even *L . . ^ v . . , ,™~7 ,^~t. , . * 

JiMlrlJS^ tt^ « Each unit respectively includes a housing «£' and brine ml si 

therebelow, ice can ««UdM^ « the surfaces of the 25 meajls loaO^posed in me upper portion of the housir i, 

outdoor evaporator and obstruct the air flow, z; .J 3 , . ^ , T, f 1 ^ " 7r * 

It is thexrfore.hroad object of Oie present invention to ^2^™^^^^"^.^^ £. * 

ameliorate the above probletTand to provide a heat pump ofdrf P * W " a P Htm ^V [* e *»• 1111 Sl 

-.A,r»*A ^ ,Krt^,u, h. m „„ means 10, 1*' thoe Is affixed a brine/air heat ctchanp r 

ScSSoS^ 7 30 l^Thekticrcanberna^ 

Ii is a further object of the present invention to provide £ °f P"^' °«r # » I ^ s 01 OTami( T, P 6 ** 1 ^ ,:? 

a heat pump system utilizing brine in heat exchange reb- bcadfi ' V^^7 ^J! * f ^^^^ * ^ ° 

tionship wim a i refrigerant. reservoir 14.W while the space K.W inside the hoasu i{\ 

In LdaJ^ the present invention there is there- ^^ m f ted ***** level 18.18' and the heat exchan f j- 

fore provided a heat pump system, comprising two. at least 35 1202 . rwpectrvel^ acts « aj^e oru*ing space expo* <l 

shnuar units in fluid comWmcatLon wim each other, each to ambient cur mtroduccd Aereinto, for ezample, by a bio v. r 

unit including a housing, a first air/brine heat exchanger, a ^forby any otte : natural or forced menns^ch oft o 

second lumcLrrigcrant heat exchanger, brine inlcTmeaiis ^^L™ f I ^ 5 P CC f cly ^fff d A ^ °? ]' 

for applying brine onto at least one of said heat exchangers. Jfl3¥ Z H ^ «^^ger 24 J4 A comh ,t 

ahrinercseWoirandmeaiisforc^^ ^ lea^ from me Jh^texchanger 24^ to me br, « 

the reservoir to said inlet m^s.^rsTand second heat 1 « 4 ^J! Circulation pump 2fcWS' respective, y. 

exchangers being in closed loop fluid comnmmcation wim ^ f^^^fV^^ "j 

each crier and having compressor means for circulating a ^ ^ ^ **^coUsry. P«6 through a thJ <l 

refrigerant mcaethrough in selected directions. hcat cxcnan ^ T 34 ' 

The invention further provides a method for air 45 The heat exchangers 24.24\ in their simple embodim* it 

conditioning, c^mpimng providing a housing, a first air/ ^e imposed of a closed vessel ^3^' each housing a c il 

brine heat exchanger a second brine/refrigerant heat 38,38', respectively The coils 3838* arc mtcrcormcctcd. n 

exchanger, brine inlet means for applying brine onto at least » close4Ic<^by pipes compressor 44 fitted on 1 ^ 

one of said heat exchangers, a brine reservoir and means for ™ remgerant through the coils 3838 via n 

drcnlating said hrine from me reservoir to said inlet means, so uirotoe valve 4*. 

said first and second heat exchangers being in closed loop 11 not all, at least most, of the system's parts and coj t> 

fluid communication with each other and having compressor ponents should be made of materials non-corrosive to brii •;. 

means for circulating a refrigerant therethrough in selected Ih order to avoid the necessity of providing synchronb i- 

directions, wherein the refrigerant's evaporator, and the tion and control between the pumps 28.28', it is proposed .<» 

refrigerant's condenser exchange heat wim brine solution, 55 build the system such mat the brine accumulated in 1 a 

whereby the temperature of condensation of said refrigerant reservoir 14' will return to the reservoir 14 through condj il 

is reduced while the temperature of said evaporator is raised, 32 as gravity flow. This is achieved by locating the reserve ii ' 

thereby increasing the efficiency of the system. 14' at a higher level man the level of reservoir 14 or at le? s: 

Hygroscopic brine such as LiBr. MgCJz* Ca 2 cJ and iiitcr-connccting the reservoir's conduit 32 in such orient i- 

mixtures thereof, can be advantageously used. The concen- M tion so as to slope from reservoir 14* to reservoir 14. In ai y 

trations of these brines will be such that no prcdpitaliota of case, the brine exchange flow rate between the reservoi .i: 

salts or ice throughout the working range of temperatures of 14 J4' via pipes 3032 should be smaller than the circular!) ii 

the heat pump will be formed. rate of the brirw in tb& units 4 or 6 themselves. For operati n 

The invention will now be described in connection with under certain conditions, it is also possible to stop 1 o 

certain preferred embodiuiients with reference to the follow- 65 circulation of the brine between the two units, if desired 

ing illustrative figures so that it may be more fully under- The size of the reservoirs will determine the capaci y 

stood. thereof acting as heat accumulators for eventual trtKzatk i. 
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Turning to FIG. 2, there is shown another embodiment of 
the invention in which the housing 5fc5Q' also encloses the 
teftigcrant coils SIST and the brine inlet means 54,54'- The 
latter are located above the coils S252\ so as to drip or spray 
brine on the coils. 

The embodiments of FIGS. 1 and 2 can be furnished with 
an inlet port 56 for introducing water to the brine reservoirs 
14,14'. This will enable the dilution of the brine when 
operating the system in very dry and hot climate, to further 
increase the efficiency (hereof. 

Arnodification of the system is illustrated in FIG- X Here, 
the system (of FIG. 1) is further provided with an external 
source of Inimidiry in the form of plants 5&* in order to 
increase the efficiency of the heat pump during the summer 
time. During the winter time, however, in order to increase 
the efficiency, it is recomraended to elevate the tempera tm-e 
of the brine. This can be achieved by condensing the 
humidity of the brine by means of hot air blown by the 
blower 20, A source of such hot air can be provided in the 
form of a hot water to air heat exchanger 60, having a hot 20 
water inlet 62 leading to a drip or spray head 64, a heat < 
exchange media 66 and a water outlet 68. The cold ambient 
air otherwise directly blown into me space 16 will thus be 
heated first and only thereafter introduced into the space 16. ^ 

As can now be readily understood, the outside or room air 
introduced by blowers HUT into the housings 8,8', flows as 
counter current or cross current to the droplets of brine 
dripping in the space 16J6\ so as to exchange heat and 
vapor with the brine. Since the brine maintains the unit 
acting as an condenser at a temperature which is lower than 
the normal temperature, e,g., at 37° C instead of 47 Q C ; and 
paraUely, maintains the evaporator's temperature higher 
than the normal temperature, e.g^ 4 G C instead of 0° C it 
can be shown that the efficiency of the cycle will be superior 
at a ratio, of about eg,: 


30 


35 


47-0 
37-4 ! 


lA 


Hence, the coefficient of performance of the brine heat 
pump, according to the present invention as compared with 
conventional beat pomps, is substantially higher. In other 
words, for the sarnc input of energy, me rratpumpwfll 


40 


meuts are therefore to be considered in all respects as 
illustrative and not restrictive the scope of the invention 
being indicated by the appended claims rather than by the 
foregoing description, and all changes which come within 
the meaning and range of equivalency of me claims are 
therefore intended to be embraced therein. 
1 claim: 

1, A heat pump system comprising; 

two, substantially similar units in fluid comnuinicatior 
with each other, each unit including 

a housing, a forced-air counter-flow air/brine hea* 
exchanger, a brineA^frigcrant heat exchanger, brim 
inlet means for applying brine onto at least one of sail 
heat exchangers, a brine reservoir and means for cut 
dilating said brine from the reservoir to said inle 
means, 

said brine/refrigerant heat exchangers being in close* 
loop fluid communication with each other and havinj 
compressor means for circulating a refrigerant there 
through in a selected direction, and for reversing lb 
sense Of circulatiou of the refrigerant inside said close 
loop. 

2. A heat pump system, comprising: 
two. substantially similar units in fluid communicatio 

with each other, each Unit including 
a housing, brine inlet means at the top portion thereof, 
first air/brine heat exchanger located adjacent said brin 
inlet means, a brine reservoir at me lower part of sai 
housing and means for introducing forced air int 
brine-dripping space delimited between said first ha 
exchanger and said reservoir to produce a counterfo' 
air/brine heat exchanger, and 
a second heat exchanger in liquid communication wi1 

said brine inlet means and said reservoir; 
the reservoir of each unit being in liquid communicatic 

with each other; 
said second heat exchangers being in closed loop flu 
communication with each other and having compresfr 
means for circulating a refrigerant therethrough in 
selected direction, and for reversing the sense of d 
culation of the refrigerant inside said closed loop, ai 
means for circulating brino between said reservoir ai 

said second heat exchanger of each unit 
3. The heat pump system as claimed in Claim t where 


words , for the s amc input qi energy, me nun* vcux yuuxy w«* ~ - 7- , " * — r " v. M „ w _ 

^e40* more S from ™ ensure in whi* it i* 45 ^ W inlet means drq> « «»*> 

iScd a* compared wim exertional heal pumps, pre 4 The heat purcp system « cUunrd id claim X where 

AeSmkal efficiency of the two compressors said mean* for introducing m is a 

vicea mat mc roeoiaiuKu wi^u- j ~r 5 The heat pomp system as claimed in claim L whac 

T^Va^cW temperature head between the fluid inside .aid housing is common to said first and second h, 

and the brine In die above example is 6° C and it is so exchangers. _ 

2*£*Mta* for an area 77 square meter Of heat *-The l^tpnmp system as 

the heat transfer rate wiDbe about 6 Kw. said bnnemlct means is located above said first and «co 

Therefore the heat exchange area between the brine and heat exchangers. 

Jl^fl^dlS S^hangers 24 and W) wfll be 7 the heat pimp system as ^^^^ 

m^c^mparcd with the area required to transfer heat from 55 said first heat exchanger is an «r^ heat exchange^ 

u^SfluiaTuw air inconventional heat pumps. 8. The heat pump system as claimed* chum L furfl 

heat conductivirv between the condenser and the evapora- ing pipes, interconnecting said reservoirs, 

^s^t^^^^ and the brine. ^Tair 9. Tne heat pump system as ^d ^ dalm 8, whet 
£n^ « atleastsaidunitan^ 

conoucuviiy is unarawwi™ uj j ^ f makd^ non-corrosive to brine. 


(square m G). 
The invention is also usable for refrigeration puiposes. 
It will be evident to those skilled in me art that the 
invention is not fimited to the details of the foregoing 
illustrated embodiments and that the present Invention may 
be embodied in other specific farms without departing from 
ihe spirit or essential attributes thereof. The present ernbodi- 


65 


are made of materials non-corrosive to brine. 

If. The beat pump system as claimed in claim L furtJ 
comprising a throttle valve affixed on a refrigerant carry 
pipe interconnecting said second heat exchangers, 

lL The heat pump system as claimed in claim I. wher 
at least one of said reservoirs is further provided with ws 
inlet means for adding water to the britte. 
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12. A heat pump system, comprising- 

two substantially similar or identical units in fluid com- 
munication with each other, each unit including 

a housing, an air/brine heat exchanger, a brine refrigerant 
heat exchanger, brine inlet means for applying brine 
into at least One of said heal exchangers, a brine 
reservoir and means for circulating said brine from the 
reservoir to said inlet means. 

said brine/rtrxigcrant heat exchangers being in closed 
loop fluid communication with each other and having 
compressor means for circulating a refrigerant there- 
through in a selected chxecdon, and for reversing the 
sense of circulation of die refrigerant inside said close 
loop, and 

ambient air heating means for heating the ambient air 
prior to the introduction thereof into said housing. 

13. The heat pump system as claimed in claim 12. wherein 
said heating means is a water/air heat exchanger. 

14. A heat pump system, comprising: 

two substantially similar or identical units in fluid com- 
munication with each other, each unit including 

a housing, an ak/hrine heat exchanger, a brine refrigerant 
heat exchanger, brine inlet means for applying brine 
into at least one of said heat exchangers, a brine 
reservoir and means for circulating said brine from the 
reservoir to said inlet means, 

said hrine/refcigeratit heat exchangers being in closed 
loop fluid communication with each other and having 
compressor means far circulating a refrigerant there- 
through in a selected direction, and for reversing me 
sense of circulation of the refrigerant inside said closed 
loop, and 

an external humidity source for adding humidity to ambi- 
ent air mtrodudhle into said bousing. 

15. The heatpump system as claimed in claim 14, wherein 
said humidity source is a plant 

1& A method for air conditioning, comprising: 
providing a heat pump system as claimed in claim 1* 
wherein the refrigerant's evaporator and the refriger- 
ant's condenser exchange heat with brine solution, 
whereby the temperature of condensation of said refrig- 
erant is reduced while the temperature of said evapo- 
rator is raised, thereby increasing the efficiency of the 
system. , 

17. The method as claimed in claim 16, wherein said first 
heat exchange* is thermally associated with said refriger- 
ant's evaporator. 

18. The method as claimed in claim 16, wherein said first 
heat exchanger is thermally associated with said refriger- 
ant's condenser. 

19. A method for air conditioning, comprising: 
providing a heat pump system having two substantially 

similar or identical units in fluid communication with 
each other each unit including 
a housing, an air/brine heat exchanger, a brine refrigerant 
heat exchanger, brine inlet means far applying brine 
into at least one of laid heat exchangers, a brine 


wherein the refrigerant's evaporator and the refrigerant 
condenser exchange heat with brine solution, where* 
the temperature of condensation of said refrigerant 
reduced while the temperature of said evaporator 
raised, thereby increasing the efficiency of the systci 
and 

wherein said means for circulating the brine is adapted i 
circulate brine at a higher rate than the rate of circi 
lation of the brine between said two reservoirs. 
29. The heat pump as claimed in daim 1. further cos 
prising means for circulating brine between said rcscrvoir 

21. A heat pump, comprising: 

two substantially similar or identical units in fluid con 

munication with each other, each Unit including 
a housing, an air/brine heat exchanger, a brine refrigeraj 
heat exchanger, brine inlet means for applying brin 
into at least one of said heat exchangers, a brin 
reservoir and means for circulating said brine from tfi 
reservoir to said Inlet means; 
said brine/refrigerant heat exchangers being In close 
loop fluid communication with each other and bavin 
compressor means for circulating a refrigerant then 
through in a selected direction and for reversing rft 
sense of circulation of the refrigerant inside said close 
loop; and 

means for circulating brine between said reserved] 
adapted to circulate brine at a lower rate than the rai 
of circulation of brine between the reservoirs and sai 
inlet means. 

22. The heat pump as claimed in claim 20. wherein saL 
means for circulating brine between said reservoirs az 
adapted to circulate brine at a lower rate than the rate o 
circulation Of brine between the reservoirs and the secern 

35 heat exchanger of each unit 

23. A heat pump system, comprising: 

two substantially similar units in fluid communicalioi 

with each other, each unit including 
& housing, brine inlet means at the top portion thereof, , 
first heat exchanger located adjacent said brine Me 
means, a brine reservoir at the lower part of sah 
housing and means for introducing air into brine 
dripping space delimited between said first hea 
exchanger and said reservoir, and 
a second heat exchanger in liquid cornmunicarion wit} 

said brine inlet means and said reservoir; 
the reservoirs of said units being in liquid communicatioi 

with each other; 
said second heat exchangers being in closed loop fltric 
commn nication with each other and having compresses 
means for circulating a refrigerant therethrough in j 
selected direction and for reversing the sense of circu- 
lation of the refrigerant inside said closed loop; 
means for circulating brine between said reservoir anc 

said second heat exchanger of each and 
ambient air heating means for heating the ambient ah 
prior to the introduction thereof into said housing. 

24. The heatpump system as claimed in claim 23. wherein 


to 


15 
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25 


30 


40 
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reservoir and means for circulating said brine from the 6o said beating means is a water/air heat exchanger. 


reservoir to said inlet means, 
said brine/refrigerant heat exchangers being in closed 
loop fluid communication with each other and having 
compressor means for circulating a refrigerant there- 
through in a selected direction, and for reversing the 65 
sense of circulation of die refrigerant inside said dosed 
loop. 


25- A heat pump system, comprising: 
two substantially similar Units in fluid <x>rnmurucatieri 

with each other, each unit including 
a housing, brine inlet means at the top portion thereof, a 
first heat exchanger located adjacent said brine inld 
means, a brine reservoir at the lower part of said 
housing and means for introducing air into brine- 
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dripping space delimited between said first heat 
exchanger and said reservoir, and 

a second heat exchanger in liquid communication with 
said brine inlet means and said reservoir: 

the reservoirs of said units being in liquid coiumunication 
with each other, 

said second heat exchangers being in closed Loop fluid 
communication with each other and having compressor 
means for circulating a refrigerant therethrough in a 
selected direction and for reversing the sense of circu- 
lation of the refrigerant inside said closed loop; 

means for circulating brine between said reservoir and 
said second heat exchanger of each unit and 

an external humidity source for adding humidity to ambi- 15 
ent air introducthlc into said housing. 

26- The heat pump system as claimed in claim 25, wherein 
said humidity source is a plant 

27. A method for air coodJtioning, comprising: 

providing a beat pump system having two substantially 20 
similar units in fluid communication with each Other, 
each unit including 

a housing, brine inlet means ai the top portion thereof, a 
first heat exchanger located adjacent said brine inlet 
means, a brine reservoir at the lower pan of said 25 
housing and means for introducing air into brine- 
dripping space delimited between said first heat 
exchanger and said reservoir, and 

a second heat exchanger in liquid communication with ^ 
said brine inlet means and said reservoir; 

the reservoirs of said units being id liquid communication 
with each other; 
' "said second heat exchangers being in closed loop fluid 
communication with each other and having compressor 35 
means for circulating a refrigerant therethrough in a 
selected direction and for reversing the sense of circu- 
lation of the refrigerant inside said closed loop; 


means for circulating brine between said reservoir and 
said second heat exchanger of each unit; 

wherein the refrigerant's evaporator and the refrigerant's 
condenser exchange heat with brine solution, whereby 
die temperature of condensation of said refrigerant is 
reduced while the temperature of said evaporator is 
raised thereby increasing the efficiency of the system, 
and 

wherein said means for circulating the brine is adapted (0 
circulate brine at a higher rate than the rate of circu- 
lation of the brine between said two reservoirs. 

28. A heat pump system comprising; 

two substantially similar units in fluid communication 
with each other, each unit including 

a housing, brine inlet means at the top portion thereof « a 
first heat exchanger located adjacent said brine inlet 
means, a brine reservoir at the lower part of said 
housing and means for introducing air into brine- 
dripping space delimited between said first heat 
exchanger and said reservoir, and 

a second heat exchanger in liquid communication with 
said brine inlet means and said reservoir; 

the reservoirs of said units being in liquid communication 
with each other; 

said second heat exchangers being in closed loop fluid 
communication with each other and having compressor 
means for circulating a refrigerant therethrough in a 
selected direction and for reversing the sense of circu- 
lation of the refrigerant inside said dosed loop, and 

means for circulating brine between said reservoir and 
said second heat exchanger of each unit 

wherein said means for circulating brine are adapted to 
circulate brine at a lower rate than the rate of circulation 
of brine between the reservoirs and the second heat 
exchanger of each unit 
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